Microtubules and associated molecular motors of the kinesin and dynein classes are among the unique structures of eukaryotic cells that have no counterparts in archaea or bacteria [1] . Dynein, which plays a central role in mitosis, flagellar motility and axonal transport, forms multisubunit particles that consist of the heavy chains (~500 kDa) and multiple intermediate and light chains [2] . The dynein heavy chain, which provides the motor's ATPase activity, is a member of the AAA+ superfamily of ATPases and contains several copies of the ATPase domain [3] . AAA+ ATPases are widespread in all life forms, but the dynein ATPase domains show low sequence similarity to the rest of the superfamily, and a prokaryotic ortholog of the dynein heavy chain does not seem to exist. No prokaryotic homologs have been detected thus far for any of the intermediate or light dynein chains. Here we report that one of the light chains, typified by the Drosophila Roadblock protein and Chlamydomonas LC7, that appears to modulate specific dynein functions [4] , belongs to an ancient protein superfamily that is widely represented in archaea and bacteria and may be involved in regulation of NTPase activity.
During our analysis of uncharacterized ancient families of orthologous proteins from bacteria, archaea and yeast (Clusters of Orthologous Groups of proteins, COGs; [5, 6] ), we identified a protein family (COG2018; http://www.ncbi.nlm.nih.gov/cgibin/COG/) that includes orthologs of the MglB protein from Myxococcus xanthus. This protein is encoded in the same operon as the GTPase MglA and has been implicated in gliding motility [7] [8] [9] . Iterative searches of the non-redundant protein sequence database (National Center for Biotechnology, NIH, Bethesda) using the PSI-BLAST program with the cut-off for including sequences in the profile set at E = 0.001 [10] identified multiple members of this family in many bacterial and archaeal species and a single member in each of the sequenced animal genomes. We refer to this protein family as the MglB family. An iterative search with the cut-off lowered to E = 0.01 and an MglB family member from the archaeon Archaeoglobus fulgidus (AF1500) used as the query retrieved from the database all known sequences of the Roadblock/LC7 family (hereinafter RLC7 family). A reciprocal search initiated with the sequences of the RLC7 proteins detected MglB family proteins as the most similar sequences, although the similarity was not statistically significant.
When the secondary structure was predicted [11] separately for the RLC7 family and the MglB family, a perfect correspondence was observed for all elements except for the carboxy-terminal α helix ( Figure 1 ). These observations indicate that the two families belong to a protein superfamily with a common structural fold. The predicted structural elements of this fold, five β strands and three α helices, are highly conserved in the multiple alignment of the RLC7-MglB superfamily ( Figure 1 ). The RLC7 family lacks the third α helix, which supports the distinction between the MglB and RLC7 families (Figure 1 ). While sequence conservation is associated primarily with the common structural elements, a nearly invariant glycine, typically preceded by a negatively charged residue, is present in the turn between strands 1 and 2 ( Figure 1) ; this turn is likely to be critical for the function of these proteins.
The functions of the archaeal and bacterial members of the RLC7-MglB superfamily have not been directly determined. In Myxococcus xanthus, the mglAB operon has been implicated in gliding motility because it is the site of several mutations resulting in a non-motile phenotype [3, 9, 10] . Most of these mutations map to the mglA gene, which encodes a predicted GTPase of the Ras/Rab/Rho superfamily, but one mutation has been detected in the mglB gene [3] . The mglA mutations completely abolish motility, whereas in mglB mutants this function is only partially impaired, which suggests a modulatory function for MglB. Furthermore, a physical interaction between MglA and MglB is likely, because in mglB mutants the stability of MglA is severely decreased [3] .
Additional functional hints could be gleaned from the genomic context of the genes encoding MglB family proteins (Figure 2 ). The mglAB operon is conserved in Deinococcus radiodurans, Thermus thermophilus and Aquifex aeolicus. In addition, D. radiodurans, A. aeolicus and several other bacterial and archaeal genomes contain an operon, in which a gene for an MglB family protein is located downstream of a gene for a GTPase of a distinct family (COG2229) that appears to be the sister group of the MglA family within the Ras/Rab/Rho superfamily ( Figure 2 , and data not shown). It is unlikely that this second group of operons encoding MglB-family proteins is involved in gliding motility, because gliding has not been reported in archaea [8] . However, a function of MglB in modulating the GTPase activity can be inferred for these operons also.
The RLC7-MglB proteins are encoded in most of the sequenced archaeal and eukaryotic genomes indicating that this superfamily probably had been present already in the common ancestor of archaea and eukaryotes, with subsequent loss in some lineages. In contrast, the sporadic presence of these proteins in bacteria suggests horizontal transfer from an archaeal source. In addition to the RLC7 family, animals encode a distinct set of MglB-family proteins ( Figure 1 ) that might have been horizontally transferred from a bacterial source and could function in conjunction with a Ras/Rab/Rho superfamily GTPase. A distinctive feature of the Magazine R775
Figure 1
Multiple alignment of the protein sequences of the RLC7-MglB superfamily. The alignment was constructed on the basis of the PSI-BLAST results using the Clustal_X program [12] . The proteins are denoted by the Gene Identification (GI) numbers, gene names and abbreviated species names. Most of the proteins are included in their entirety; for the rest, the number of amino acid residues upstream and downstream of the aligned portion is indicated; some longer spacers between the aligned blocks are also replaced by numbers; an asterisk indicates the carboxyl terminus of a protein. The alignment coloring is based on a 90% consensus, which is shown underneath the alignment; h indicates hydrophobic residues (A,C,I,L,M,V,F,W,Y), l indicates aliphatic residues (A,I,L,V), s indicates small residues (A,C,S,T,D,N,V,G,P), and p indicates polar residues (D,E,H,K,N,Q,R,S,T). The secondary structure elements predicted using the PHD program and a preconstructed multiple alignment as the input are shown separately for the RLC7 and MglB families; H(h) indicates α helix and E(e) indicates extended conformation (β strand); the capital symbols indicate predictions made with an 80% confidence. 
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RLC7-MglB super-family is the preponderance of lineage-specific duplications that are seen in M. jannaschii, M. thermoautotrophicum, D. radiodurans and, most notably, in Streptomyces coelicolor (Figure 1 ). This pattern extends to Drosophila, which encodes three pairs of closely related RLC7-family proteins (Bxd_CG1014; CG10838-CG10834; CG15171-CG16837; Figure 1 ). In Streptomyces, the unit of amplification seems to include the complete GTPase-MglB operon; in some cases, such duplications have been accompanied by gene rearrangements (Figure 2) . In other genomes, however, the mglB gene has amplified on its own, with only one copy being accompanied by the GTPase gene (Figure 2 ). The RLC7 protein family exemplifies recruitment of a pre-existing prokaryotic protein for a function in a eukaryotic motor complex, which has no counterparts in prokaryotes. In prokaryotes, MglB proteins appear to modulate the activity of GTPases, and in this capacity, their derivatives, the RLC7 proteins, might be utilized in eukaryotes to regulate dynein activity. Predicted operon context of some genes for MglB-family proteins (see Figure 1 legend 
